Objective: Speech-correcting surgeries (pharyngoplasty) are performed to correct velopharyngeal insufficiency (VPI). This study aimed to analyze the need for speech-correcting surgery in children with isolated cleft palate (ICP) and to determine differences among cleft extent, gender, and primary technique used. In addition, we assessed the timing and number of secondary procedures performed and the incidence of operated fistulas.
Introduction
Isolated cleft palate (ICP) is generally divided into clefts of the soft palate (SCP) and clefts of both the soft and hard palate (HSCP). The etiology is thought to be a combination of environmental and genetic factors. ICP is very often associated with other malformations or known genetic syndromes, with reported incidence rates ranging from 21% to 59% (Shprintzen et al., 1985; Jones, 1988; Lilius, 1992; Calzolari et al., 2004; Burg et al., 2016) .
Generally, ICP is the rarest type of oral cleft (Burg et al., 2016) . However, ICP is the prevailing cleft type in Finland, which is known for having a high incidence of oral clefts (Derijcke et al., 1996) . The total incidence of oral clefts in Finland is 25.9 per 10 000 live births, whereas the corresponding incidence in Europe is 13.4 per 10 000 live births. With a rate of 14.7 per 10 000 live births, the ICP incidence is significantly higher than elsewhere in Europe, where the rate is on average 5.4 per 10 000 live births (National Institute for Health and Welfare, 2017) .
The main goal of primary cleft palate surgery is to close the defect and restore the function of the soft palate to allow normal speech and feeding, and to ensure minimal impact on facial growth (Haapanen, 1992; Gart and Gosain, 2014 ). Previous studies have described velopharyngeal insufficiency (VPI) incidence to range from 5% to 86% among children with corrected cleft palate (David et al., 2006; Sullivan et al., 2010; Hosseinabad et al., 2015) . The wide variance among studies likely at least partially reflects different methodologies and criteria used in speech assessment.
The cause of VPI is multifactorial and not fully understood. Studies have indicated that the type of cleft and its severity grade, the surgical technique, the surgeon's experience, and the timing of the primary palatoplasty all have an impact on speech outcome (Haapanen, 1992; Andersson et al., 2010; Pearson and Kirschner, 2011; Owusu et al., 2013) . VPI is treated by speech therapy and, when necessary, surgery (Andersson et al., 2010; Samoy et al., 2015) . One way to assess the success of primary palatoplasty is the need of later VPI surgery or fistula closure (Bicknell et al., 2002) .
Many factors may influence the rate of VPI surgery. Severity of the VPI, the patient's and parents' wishes, peer pressure, the speech/language therapist's recommendations, and the surgeon's experience and threshold to perform secondary surgery all play a role. Other factors that might affect surgical interventions are associated anomalies or diseases, additional speech disorders, airway obstruction, and commitment to follow-up visits (Hosseinabad et al., 2015) . Children with HSCP have VPI more often than children with SCP (Brunnegård and Lohmander, 2007; Hosseinabad et al., 2015) , and therefore tend to be treated more often by secondary velopharyngoplasty than SCP children are (Vedung, 1995; Marrinan et al., 1998; Bicknell et al., 2002; Andersson et al., 2010; Parina et al., 2014) .
Several surgical techniques exist for management of VPI, and the ideal technique is under dispute (Collins et al., 2012; Gart and Gosain, 2014) . The most common procedures today are the pharyngeal flap, usually superiorly located; various sphincter pharyngoplasties; and repair of the soft palate either by the Furlow double-opposing Z-plasty technique or muscle re-repair (Pearson and Kirschner, 2011; Collins et al., 2012; Gart and Gosain, 2014) . Many teams favor a tailored approach, choosing the technique according the velopharyngeal closing pattern as seen by videofluoroscopy and nasopharyngoscopy, perhaps even dynamic MRI. At the Cleft Palate and Craniofacial Center of Helsinki University Hospital, we have used a staged approach by usually choosing the Furlow technique and, if this has not led to a good outcome, following this with a superiorly based pharyngeal flap as a secondary procedure.
Speech-correcting surgery can be performed at any age. Surgery is often done before school age (in Finland, before the age of 7 years) to avoid negative social and psychological consequences of poor speech (Becker et al., 2004; de Buys Roessingh et al., 2008) . Although the majority of the secondary velopharyngeal repair surgeries are carried out in childhood, a considerable number are corrected at a later stage.
This study aimed to identify and analyze the frequency of secondary speech-correcting surgeries carried out in children with ICP. We evaluated differences between cleft extent, gender, and primary technique used. In addition, we assessed the timing and total number of secondary speech-correcting procedures and the incidence of operated fistulas.
Methods
In this retrospective study, data on 686 children with ICP were collected over an 11-year period (patients born between 1990 and 2000) . All patients were born in Finland and had undergone primary palatoplasty at the Cleft Palate and Craniofacial Center of Helsinki University Hospital. The study protocol was approved by the Helsinki University Hospital. Principles outlined in the Declaration of Helsinki were followed. Medical charts were accessed through the hospital's archive and database. The following data for each patient were retrieved: date of birth, gender, type of cleft, other anomalies, age at primary repair, surgical technique used, and, if performed, the age at and technique of the secondary pharyngoplasty. In addition, the incidence of operated fistula was assessed.
ICPs were divided into total clefts of the hard and soft palate and clefts of the soft palate alone. Submucous cleft palates were not included in this study. Patients with Pierre Robin sequence (n ¼ 72), other associated syndromes, anomalies of the head and neck region, severe hearing loss, other medical conditions, or cognitive disabilities were excluded. Children with van der Woude syndrome (n ¼ 15) were retained in the study. Patients with a follow-up time of less than 8 years or whose controls had moved to another cleft center were excluded.
Surgical Methods
The technique used in the primary closure of the cleft has varied over time. From 1990 to 1991, the clefts were still usually closed at the age of 12 months by the Veau-Wardill-Kilner (V-W-K) technique, which had been in use in the center since it opened in the 1940s. In this technique, much attention was given to force the flaps of the hard palate in a V-Y retroposition in the hope of achieving more length to the soft palate. In 1992 to 1994, the standard protocol was changed to the Bardach 2-flap technique, which is similar to the V-W-K technique, but the flaps were returned to the donor areas to avoid areas of secondary healing over bone. The timing of palatal closure was simultaneously changed to 9 months of age, which it has since remained. At the end of 1994, a straight-line closure described by Mendoza et al. (1994) became more common, as it was noted that the more extensive raising of flaps in the Bardach method was often not necessary to achieve tensionless closure of the cleft. If tension was noted at the end of the procedure, lateral relaxing incisions were made corresponding to the von Langenbeck technique. In the latter part of the 1990s, the Bardach technique was used as a default for wider clefts and the straight-line/von Langenbeck technique for narrower clefts at the discretion of the individual surgeon.
Surgical management in the nasopharynx region, also known as secondary pharyngoplasty, was carried out to correct VPI. Procedures used were pharyngeal flaps-Honig, where the inferior surface of the flap was unlined, and Hogan, where it was lined, sphincter pharyngoplasty-according to Jackson and Hynes techniques and Furlow palatal re-repair. The number of revisions of pharyngeal flaps, usually by elevating the base of the flap with a V-Y plasty and cutting the flap to relieve obstruction, was also calculated.
Symptomatic fistulas with nasal emissions causing distorted speech and/or leakage of fluid and food through the nose were operated.
Assessment of VPI
The children were examined and followed up by standard protocols of the cleft team containing plastic surgeons, a maxillofacial surgeon, orthodontists, a phoniatrician, speech and language therapists, and an ear, nose, and throat specialist.
Speech was assessed at 3, 6, 8, and 10 years up to the age of 16 years, or later if needed. A small number of the children born early in the study population had a shorter follow-up time of 10 years, because of the practice at that time.
Cleft speech characteristics generally related to VPI consisted of the assessment of hypernasality, nasal air emissions, and difficulties in producing the pressure consonants /p, t, k/. To rate VPI symptoms, a 5-point scale was used as follows: normal velopharyngeal competence (0); insignificant, mild, and occasional VPI (1); mild and consistent VPI (2); moderate and consistent VPI (3); and severe and consistent VPI (4). In insignificant VPI (1), nasality or nasal emissions were detected only temporarily, and the speech sound was nearly normal. In addition, pressure consonants were not affected and no speech correction treatment was required. In mild VPI (2), speech was mildly nasal at all times and pressure consonants were not affected. Moderate VPI (3) indicated that speech featured moderate nasality at all times, and a weakness in pressure consonants was detected. In severe VPI (4), speech was highly nasal, and pressure consonants were either weak or replaced by glottal stops.
The decision for speech operations was based on perceptual and instrumental (nasometer and videofluorography) assessment of an experienced cleft phoniatrician and/or speech therapist. The decisions were made together with the plastic surgeons of the cleft team.
Statistical Analysis
Data were collected with Microsoft Excel and analyzed with the Statistical Package for Social Sciences (SPSS), version 21.0. Comparisons between the groups were done with Pearson w 2 test and Fisher exact test. Differences were considered significant when P < .05.
Results
Altogether, 263 patients of the initial 686 candidates were excluded, which left 423 patients in the study, 157 males (37.1%) and 266 females (62.3%) ( Table 1 ). The median age at the primary palatoplasty was 9 months (range, 6-17 months). The median follow-up was 14.5 years. The total incidence of secondary pharyngoplasty in the study population was 33.3% (n ¼ 141), and the overall fistula repair rate was 7.8% (n ¼ 33).
Cleft Extent
Of the study population, 300 patients (70.9%) had an HSCP, whereas 123 patients (29.1%) had an SCP. The severity of the cleft was a significant factor in determining the need for secondary pharyngoplasty. In HSCP, the VPI operation rate was 37.3% (n ¼ 112), whereas the corresponding rate in SCP was 23.6% (n ¼ 29) (w 2 ¼ 7.428, P ¼ .006, df ¼ 1) (Table 2) . Also, fistula closure was more often needed in HSCP, 10.7% (n ¼ 32), than in SCP, 0.8% (n ¼ 1) (w 2 ¼ 11.776, P ¼ .001, df ¼ 1) (Table 2) .
Gender
The gender ratio between cleft types was not statistically significant. Gender was not associated with VPI surgery or fistula repair rate. Females had a VPI surgery rate of 32.3% (n ¼ 86) and males 35.0% (n ¼ 55) (w 2 ¼ 0.324, P ¼ .569, df ¼ 1) ( Table 2 ). The female fistula closure rate was 8.6% (n ¼ 23), and the corresponding rate for males was 6.4% (n ¼ 10) (w 2 ¼ 0.712, P ¼ .399, df ¼ 1).
Primary Palatoplasty Technique
All clefts were closed in a single-step procedure with various techniques. The most frequently used technique was the Bardach 2-flap technique (n ¼ 163), followed by straight-line closure (n ¼ 150). Other techniques used were Veau-WardillKilner (n ¼ 70), von Langenbeck (n ¼ 37), and Furlow (n ¼ 3). The primary palatoplasty technique, determining the need for speech-correcting surgery, was not a significant variable (w 2 ¼ 2.703, P ¼ .440, df ¼ 3). Meanwhile, a correlation was observed between the primary palatoplasty technique and the fistula repair rate. Fistula closures were more often needed in the Veau-Wardill-Kilner group (n ¼ 14, 20.0%) (w 2 ¼ 18.859, P ¼ .000, df ¼ 3). Considering the low frequency of Furlow palatoplasty, this technique was excluded from the analysis (Table 2 ).
Age and Type of Secondary Pharyngoplasty
A total of 141 children needed secondary pharyngoplasty (33.3%). Of the surgeries, 63.1% (n ¼ 89) were performed before school age (before 7 years); 61.6% (n ¼ 69) in HSCP and 68.9% (n ¼ 20) in SCP. The rest of the surgeries, 36.9% (n ¼ 53), were done at 7 years of age or later (Figure 1 ). The mean age at speech-correcting surgery was 5.8 years in the first half of the study population (patients born 1990-1995), whereas the corresponding age in the later population (born 1996-2000) was 7.3 years.
The most frequently used techniques were Furlow pharyngoplasty (45.4%, n ¼ 64) and Honig pharyngeal flap technique (41.8%, n ¼ 59). The Honig technique was the most common procedure until 2005, when the Furlow repalatoplasty became the standard primary technique in VPI surgery (Table 3) .
The majority (80.1%, n ¼ 113) of the children requiring pharyngoplasty had only 1 operation, but one-fifth (19.9%, n ¼ 28) needed more than 1 procedure. Surgical revisions of pharyngeal flaps were also included. One patient required as many as 5 operations to normalize speech (P ¼ .828) ( Table 4) .
Fistula Location and Need for Reoperation and Pharyngoplasty
Fistulas were operated in 33 patients (7.8%). One-fourth of these patients (n ¼ 8, 24.2%) developed a recurrent fistula (Table 5 ) and almost one-fifth (n ¼ 6, 18.2%) needed reoperation to close the fistula (Table 4) . Twenty-eight (19.9%) of the children requiring speech-correcting surgery needed fistula repair also either as a single procedure (n ¼ 10) or simultaneously with the pharyngoplasty (n ¼ 18). All operated fistulas, except for one, were found in children with HSCP. No significant correlation was observed between the location of the operated fistulas, the need for reoperation of the fistulas, or the need for pharyngoplasty and fistula closure (w 2 ¼ 3.596, P ¼ .166, df ¼ 2) (P ¼ .355) (P ¼ 1.000) ( Table 5) .
Discussion
Previous studies investigating children with ICP have reported speech-correcting surgery rates of 14% to 29% (Heliövaara et al., 1992; Rintala and Haapanen, 1995; Marrinan et al., 1998; Bicknell et al., 2002; Inman et al., 2005; Andersson et al., 2010; Nyberg et al., 2010; Lithovius et al., 2014; Parina et al., 2014) . Our study revealed a slightly higher incidence of 33% (n ¼ 141/423) in the total population.
It is commonly emphasized that cleft extent correlates with speech outcome. We confirm that children with a less severe cleft had less need for VPI surgery than those with a more Figure 1 . Frequency (n) of first pharyngoplasty and fistula repair performed at specific ages (years). severe form. Children with SCP had a 23.6% rate for speechcorrecting surgery, whereas children with HSCP had a rate of 37.3%. The difference was significant (P ¼ .006). Several studies have shown similar results. Andersson et al. (2010) reported that HSCP had a 42% incidence of pharyngoplasties compared with SCP, which had a significantly lower incidence of 10%. Bicknell et al. (2002) described almost identical results in their study, with a 44% rate in the HSCP group and a 12% rate in the SCP group. Marrinan et al. (1998) , in turn, observed a lower flap incidence of 23% in the HSCP group, whereas the incidence in the SCP group remained at 10%. In the literature, several theories explaining speech outcome and relation to cleft severity have been presented. Marrinan et al. (1998) stressed the importance of the vomer and the extent of its attachment to the palatal shelves. In SCP, the vomer is attached to both palatal shelves, whereas in HSCP the vomer is separated from the surrounding dysplastic and disorientated musculature and is combined with shortened shelves (Marrinan et al., 1998; Bicknell et al., 2002) . This is reflected in speech outcome.
No important differences emerged between genders of children with ICP and need for speech-correcting surgery. Similar results have been reported in another study encompassing only cleft of the isolated palate (Andersson et al., 2010) . Some studies have shown significant variation in speech outcome (Bicknell et al., 2002; Lithovius et al., 2014) ; the diversity might be explained by the wide spectrum of cleft types in the analyzed populations.
The technique used in the primary palatoplasty was not a significant factor regarding need for secondary VPI surgery. Many studies have examined whether the technique of initial palatoplasty plays a crucial role in subsequent need for corrective surgery. Results obtained are not unambiguous; some show no correlation, while others show a trend for an association (Marrinan et al., 1998; Bicknell et al., 2002; Lithovius et al., 2014) . Multiple surgeons performing several different techniques probably affect these results. For instance, Rintala and Haapanen (1995) observed that the incidence of speech-correcting surgery correlates strongly with the surgeon's experience. On the other hand, most of the primary surgery in our study (90%) was done by 4 experienced cleft surgeons. After the Veau-Wardill-Kilner method was abandoned, the method for primary surgery was determined individually according to the original extent and anatomy of the cleft.
Another interesting aspect of this study is the number of pharyngoplasties performed on a child. One-fifth (19.9%) of the ICP children receiving VPI management via surgery needed 2 or more surgeries. The HSCP group had a slightly higher incidence (21.4%) for surgery than the SCP group (13.8%), although the difference was not significant.
Speech-correcting surgery is an effective means of treating VPI, and studies indicate that the surgery can be performed at any age. The optimal surgical technique for VPI remains open, as does the optimal age for speech-correcting surgery. Children with speech difficulties rapidly develop inadequate speech patterns trying to compensate VPI. Thus, it is commonly believed that early management of VPI might prevent these changes and reduce the need for later speech therapy. Speech difficulties often carry devastating consequences for social relationships and psychological health of affected individuals. Therefore, in Finland the aim is to undertake surgery in children with VPI before school age. When examining the secondary pharyngoplasties in our study, we found that the majority (63.1%) were performed before school age (in Finland, the average age at start of school is 7 years), thus supporting the results of Andersson et al. (2010) . By contrast, Vedung (1995) reported that 70% of the secondary procedures took place at a slightly older age, 5-9 years.
Some studies propose an unfavorable association between increasing age at VPI management and speech outcome. Despite these theories, very few studies have been done concerning this matter. Becker et al. (2004) compared age at VPI surgery with the amount of speech therapy needed postoperatively. They found no significant differences in the number of postoperative speech therapy sessions between children receiving early surgery and children receiving later surgery. VPI has often been described to fluctuate as a child develops due to growing structures in the nasopharynx region. Earlier studies have therefore addressed the importance of frequent and longterm (to adolescence) follow-up visits to identify children with changing speech at a later stage (Vedung, 1995; Park et al., 2000; Sommerlad, 2003; Andersson et al., 2010) . When osteotomies are done to correct poor maxillary growth and occlusion in cleft patients, it is important to also assess the effect of these procedures on velopharyngeal competence pre-and postoperatively. In our study population, one patient required, by the time of data collection, postsurgical pharyngoplasty after maxillary osteotomy. The need for long-term follow-up is also supported by our results, considering that 23.4% of the pharyngoplasties were carried out at an age of 9 years or older. The total fistula repair rate in this study was 7.8% (n ¼ 33). Interestingly, 28 of these 33 children also required speechcorrecting surgery either as a single procedure (n¼10) or simultaneously with the pharyngoplasty (n ¼ 18). The total incidence of fistulas was higher than that in a previous study (2%) of ICP (Andersson et al. 2008 ) operated by the Langenbeck and Sommerlad techniques. However, the incidence of operated fistulas in our study was significantly related to the technique of palatal repair. Fistula repair was more often needed after the Veau-Wardill-Kilner (20.0%) technique than after the Bardach (7.4%), Langenbeck (5.4%), or Mendoza (3.3%) techniques. In the Veau-Wardill-Kilner technique, the V-Y procedure is performed so that the whole mucoperiosteal flap and the soft palate are retroposed and the palate is lengthened. This leaves an extensive raw area anteriorly and laterally along the alveolar margin with exposed membranous bone. The incidence of operated fistulas was also related to the severity of the cleft, but not to gender. These findings are in agreement with earlier reports (Heliövaara et al., 1993; Muzaffar et al., 2001; Andersson et al., 2008; Phua and de Chalain, 2008; Landheer et al., 2010; Lu et al., 2010) .
The retrospective nature of the documenting of data is a limitation of the study. Because of earlier protocols, the follow-up time of some patients was limited to 8 years, although the median follow-up time was 14.5 years. Children who developed VPI at a later age might have been lost because of the shorter follow-up. In addition, possible neuropsychological disorders could not be evaluated, although children with associated syndromes, anomalies of the head and neck region, severe hearing loss, other medical conditions, or cognitive disabilities were excluded.
Conclusion
Our study contains a large population of children with ICP and long-term results and incidence of speech-correcting surgery. There are several factors that contribute to the difficulty in comparing our results with earlier findings. Other studies have, for instance, relatively small study populations, additional syndromes and anomalies, short follow-up times, and different approaches in speech evaluations. We were surprised by the high incidence of speech-correcting surgeries (33%) in the total ICP population and the significant difference in the proportions for HSCP and SCP, 37.3% vs 23.6%. One-fifth of children with ICP received multiple pharyngoplasties and 7.8% needed closure of the fistula. Although most of the corrective surgeries were performed before school age, a long follow-up is vital considering changing speech during growth to adulthood. To obtain a comprehensive picture of the total incidence of speech-correcting surgeries in cleft children and the differences in incidences for specific cleft types, further studies of other cleft types are needed.
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